SOLAR Pro. Analysis of the recycling of energy
storage batteries

How does recycling impact the life cycle of power batteries?

Indeed,the recycling of power batteries plays a substantial role in the environmental footprintof the life cycle.
LCA results from Yoo et a. confirmed that the lifecycle GHG emissions of NCM811 produced from recycled
materials were 40-48% |lower than those produced from raw cathode active materials.

Does battery reuse reduce life cycle environmental impacts?

Life cycle assessment (LCA) is important for evaluating the environmental impacts of L1Bs throughout their
lifecycle,from production to end-of-life (EOL) management. The prevailing consensus is that battery reuse
reduces life cycle environmental impactscompared to immediate recycling 31,while there is a study presenting
contrasting evidence 32.

Can recycling reduce the effects and costs of battery recycling?

To understand how recycling may be able to decrease the effects and costs of battery recycling, the materials
used in batteries and their costs should be defined, and the cost of new materials and recycled materials
compared. Mining and refining of virgin materials and recycling used materials for batteries exact
environmental costs.

What are the reuse and recycling pathways of lithium-ion batteries?

Fig. 1. Reuse and recycling pathways considering economic and environmental functions. Our method
encompasses the system boundaries of the lithium-ion battery life cycle, namely, cradle-to-grave,
incorporating new battery production, first use, refurbishment, reuse, and end-of-life (EOL) stages.

What are the environmental benefits of recycling battery components?

The recovered battery components contained copper,auminum,lithium,nickel,cobalt and manganese
metals,among which the recycling of copper foil possessed the highest contribution ratio of -91.82%. It
certainly alleviated the pressure of mineral resource shortage,thus producing greater positive environmental
benefits.

What are the applications of battery recycling?

Applications in the reuse phase include energy storage systems (ESSs),communication base stations
(CBSs),and low-speed vehicles (LSVs). When the batteries are subjected to the EOL stage,pretreatment and
three recycling technologies are considered,including hydrometallurgical,direct,and pyrometallurgical
recycling.

The new EU Battery Regulation, which came into effect at the beginning of 2024, obliges battery
manufacturers to use certain staggered proportions of recycled active materials (lithium, nickel, cobalt or lead)
in new batteries from 2028.. ...
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We first identified potential material constraints, and then, through life-cycle analysis of battery production
and known recycling options, identified potential energy or emissions issues from all processes, starting with
materialsin the ground and concluding with recycled materials reused in new batteries [2].

The credit from recycling of ahybrid energy storage system offsets ADP impacts from manufacturing and use
phase; metal use and the necessary mining operations for a hybrid energy storage system cause most of the
resource depletion impacts & No sensitivity analysis was conducted (Sanf&#233;lix et al., 2015)
NCM-C-Well-to-Wheel: 5000: Cost--

to when the battery is ready for sale. In only a few cases has recycling been analysed and included in the life
cycle analysis. o Different energy sources, battery types and refining methods Depending on which energy
mix, battery type and production methods that have been used the results are also very different.

Reuse and recycling of retired electric vehicle (EV) batteries offer a sustainable waste management approach
but face decision-making challenges. Based on the process-based life cycle...

Echelon utilization of waste power batteries in new energy vehicles has high market potential in China.
However, bottlenecks, such as product standards, echelon utilization technology, and recycling network
systems, have given rise to the urgent need for policy improvement.This study uses content analysis to code
policies and investigate the central and ...

Within the field of energy storage technologies, lithium-based battery energy storage systems play avital role
as they offer high flexibility in sizing and corresponding technology characteristics (high efficiency, long
service life, high energy density) making them ideal for storing local renewable energy.

Thermal pre-treatment consumes 40 + kWh more energy per battery pack than mechanical pre-treatment due
to the furnace's higher energy requirements compared to mechanical pre-treatment equipment. Other studies
suggest that shaft furnaces require 5000 MJ of energy per metric ton of battery waste (Sonoc et al., 2015).
When thisfigureis...

Some companies have already started to explore the power battery recycling model, for example, Nissan
Motor has established 4R Energy to recycle and reuse the batteries in residential power supply. A study that
Was ...

Our holigtic life cycle analysis quantifies and evauates the environmental impact of batteries and their
materials. We considerthe entire value chain of batteries: From raw materia extraction, through production
and use, to end-of-life (recycling and/or disposal) and transportation.Our central research topic is the

comparison of different battery technologies, such as lithium-ion ...

Lithium-lon batteries (LIBs) stand out as the most prevalent energy storage technologies, owing to their
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remarkable characteristics such as high energy density, high specific energy, and rechargeability. ... Material
flow analysis of Lithium-lon battery recycling in europe: environmental and economic implications. Batteries,
9 (2023) Google Scholar

By the means of life cycle assessment (LCA), the ecological impact of recycling and reuse of materials of
three battery technologies was analyzed: lead acid, lithium-ion and ...

A key contribution of this study is a robust, system-level assessment of battery recycling that extends the
analysis boundary beyond the unit process to account for stocks, time-resolved availability, and the logistics of
procuring spent NiMH batteries in the U.S. context. ... Nickel-cadmium and nickel-metal hydride battery
energy storage...

Techno-economic analysis of lithium-ion battery price reduction considering carbon footprint based on life
cycle assessment. ... battery recycling has garnered considerable research attention (Chen et a., 2022, 2023).
... Inaddition to ...

The demand for lithium-ion batteries (LIBS) has surged in recent years, owing to their excellent
electrochemical performance and increasing adoption in electric vehicles and renewable energy storage. As a
result, the ...

On the one hand, it assesses the impact of recycling waste LFP batteries from five dimensions: resources,
energy, environment, economy, and society. To emphasize the necessity and potential value of LFP battery
recycling, aTai Chi ...

In this article, we summarize and compare different LIB recycling techniques. Using data from CAS Content
Collection, we analyze types of materials recycled and methods used during 2010-2021 using academic and ...

With the further development of the secondary use of retired power batteries in energy storage, more and more
measurement, prediction and analysis of physical properties about L1Bs and other physical studies like circuit
design will be explored in thisfield. Thisis an obvious trend and notable change in the future research course.

Battery Energy Storage Systems This report of the Energy Storage Partnership is prepared by the Climate
Smart Mining Initiative and the Energy Sector Management Assistance Program (ESMAP) with contributions
from the Faraday |nstitution, the National Renewable Energy Laboratory, the National

In climate change mitigation, lithium-ion batteries (LIBs) are significant. LIBs have been vital to energy needs
since the 1990s. Cell phones, laptops, cameras, and electric cars need LIBs for energy storage (Climate
Change, 2022, Winslow et al., 2018).EV demand is growing rapidly, with LIB demand expected to reach 1103
GWh by 2028, up from 658 GWh in 2023 (Gulley et ., ...

Page 3/5



SOLAR Pro. Analysis of the recycling of energy
storage batteries

An electric vehicle is considered as one of the promising aternative transport due to its eco-friendly zero CO 2
emissions. This trend causes a new environmental issue, Li-ion battery waste, and diverse plans for the used
battery are suggested for preventing it. A stationary energy system connected to 1 MW photovoltaic was
proposed as a repurposing strategy for ...

Energy storage and supply capabilities have become one of the most important requirements for coping with
this expansion. Lithium-ion batteries (L1Bs), which are rechargeable, stable, reliable, and highly energy-dense
sources, have, therefore, become an indispensabl e technology for global society [2].

KD indicates the code of the battery recycling enterprise, which is the prefix of the code identification used
internally, and does not account for the number of coding digits, The manufacturer's code is the code
compiled by the battery recycling enterprise to the cooperative unit, which is composed of 1-digit letter code
and 2-digit code; The....
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The authors also compare the energy storage capacities of both battery types with those of Li-ion batteries and
provide an analysis of the issues associated with cell operation and development. The authors propose that
both batteries exhibit enhanced energy density in comparison to Li-ion batteries and may also possess a
greater potential for ...

Batteries offer a portable and convenient energy source, making battery-powered electrical appliances
essential in modern life [8, 9].Batteries power a wide range of gadgets, from smartphones and |aptops to
electric cars and smart wearable devices, alowing us to stay connected and productive while on the move
[10].This shift from traditional wired systemsto ...

Energy storage in lithium-ion battery is essential to expand the uptake of clean and renewable electricity for al
energy needs including and foremost for powering electric vehicles. ... A critical review and analysis on the
recycling of spent lithium-ion batteries. ACS Sustain. Chem. Eng., 6 (2018), pp. 1504-1521. Crossref View in
Scopus...

The analysis of direct, indirect, and total effects in the Structural Equation Model (SEM) for lithium-ion
battery (L1B) recycling efficiency provides a comprehensive understanding of the complex ...

L1Bs have been the best option for storage in recent years due to their low weight-to-volume ratio longer cycle

life, higher energy and power density [15].Primary agents encouraging the LIB industry are the evolution of
EVs and energy storage in power systems for both commercial and residential applications and consumer
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electronics [16].This has resulted ...

Our analysis not only underscores the environmental and efficiency challenges posed by conventiona
recycling methods but also highlights the promising potential of electrochemical ...

The recycling of retired new energy vehicle power batteries produces economic benefits and promotes the
sustainable development of environment and society. However, few attentions have been paid to the design
and optimization of sustainable reverse logistics network for the recycling of retired power batteries. To this
end, we develop asix-level sustainable ...

As early new energy vehicles gradually enter the scrapping period, the number of decommissioned batteries
has al so begun to show a growing trend. It is necessary to recycle....
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